SUMMARY In order to obtain control values for the diagnosis of carriers of Duchenne muscular dystrophy, creatine kinase (CK) estimations were performed in two laboratories on 148 healthy teenage girls (of whom 38 were premenarchal and 110 postmenarchal), 133 healthy mature women, 124 pregnant women, and 37 postmenopausal women. These levels were highest in the premenarchal teenagers, and became successively lower in the postmenarchal teenagers, the mature women, and the pregnant women, so that the mean level of the pregnant women was less than half that of the teenagers. The CK levels then rose again after the menopause. If the distribution of CK levels in adult non-pregnant women had been taken as controls for teenagers who were possible carriers for Duchenne muscular dystrophy, then one third of those teenagers classified as carriers would have been so classified incorrectly.
Levels of serum creatine kinase (CK) are used in the distinction of carriers of X-linked muscular dystrophies. Therefore, as part of a genetic study of Duchenne muscular dystrophy in the West Midlands, CK levels in healthy females were studied. Four groups of controls were investigated: teenage girls (subsequently divided into those who were pre-or postmenarchal); healthy non-pregnant women aged between 20 and 40 years; women who were in the first 16 weeks of pregnancy; and postmenopausal women. We chose these groups in view of the need to define control distributions, including youth, pregnancy, and those ages representative of grandmothers whose status are often of value in defining the time of mutation.
The blood was studied on the understanding with the clinicians involved, the girls who gave it, and their parents who allowed it, that under no circumstances would any results be made available. All our records of identity have now been destroyed. It is very unlikely that any carrier would be found in a few hundred women, since the incidence of carriers cannot exceed twice the incidence of disease in males, which is about 1 in 4000 in the West Midlands.
Material and methods
The teenage controls were 148 girl volunteers from a Received for publication 9 August 1978 nearby day school. They were bled during the lunch hour having refrained from games on the morning of the test. They had also been asked not to give blood if they had had a minor illness, accident, or unusual exertion in the previous two days. Each girl was asked whether her periods had started and, if so, whether she was menstruating that day.
The 133 healthy non-pregnant females consisted of 124 nurses at the Birmingham Maternity Hospital, who were being tested for rubella antibodies, and 9 graduate and secretarial volunteers from the Infant Development Unit, who were bled during a normal working day. The combined group of adult women aged 20 to 40 years will henceforward be termed 'nurses'. Blood was made available from that taken on booking from 124 pregnant women whose gestation was 16 weeks or less. The blood from women aged over 55 was acquired through the assistance of the Blood Transfusion Centre. About 5 ml blood from donors who were born in 1923 or earlier were put into separate tubes and the serum taken off when the session ended.
The sera from all the controls were thus separated on the day of taking. They were split into two so that CK estimations could be carried out in two laboratories: the Midland Centre for Neurosurgery and Neurology (MCNN) and the Queen Elizabeth Medical Centre (QEMC). Estimations on sera from Bundey, Crawley, Edwards, and Westhead the same specimens within two days; until then the sera was stored at 40C. These women were not known to be controls by the biochemists who tested the samples. Sera from the teenage girls and from the elderly blood donors were frozen once, and the estimations were performed in a group.
The method of CK estimation used at the MCNN was the continuous flow version of Hughes's method (Hughes, 1962; Siegel and Cohen, 1966) The results of CK estimations are given in Table 2 and presented graphically in Fig. 1 and 2 . The highest levels were found in the premenarchal schoolgirls, then the postmenarchal schoolgirls, then the nurses, and then the pregnant women, whose levels were so much lower that their upper limit of 2 SD was below the mean for the schoolgirls. The levels in the postmenopausal women increased to about that of the postmenarchal girls.
Of the schoolgirls, 38 (aged 12 to 16, with a mean age of 13 * 3 years) had not yet begun to menstruate. Sweetin and Thomson, 1973) . Several groups of workers (Thompson et al., 1967; Perry and Fraser, 1973; Moser and Vogt, 1974; Zatz et al., 1976) have suggested that teenage carriers of Duchenne muscular dystrophy have higher levels of CK than adult carriers. However, the evidence for this has been indirect, since a carrier can rarely, if ever, be recognised when in her teens as she would have had to have had an affected son. Thompson et al. (1967) and Zatz et al. (1976) observed that while about two-thirds of known carriers for Duchenne muscular dystrophy had raised CK levels, the number of sisters of patients who had raised CK levels was similar to the number expected to be carriers on the basis of their mother's status. Perry and Fraser (1973) and Zatz et al. (1976) have reported families in which a mother has had normal CK levels and a daughter high levels. Indeed, Zatz et al. (1975) have suggested that such mothers should be considered to be carriers on the basis of their daughter's results. Moser and Vogt (1974) followed CK levels in 19 definite and possible carriers for Duchenne muscular dystrophy over a 13-year period. They found that during this time the number of females with high CK levels had fallen from 14 in 1961 (5 definite and 9 possible carriers) to 6 in 1974 (3 definite and 3 possible carriers). These changes could not be attributed to variation in laboratory technique, but were explained by changes of CK levels with age. Subsequently, Moser (1977 Moser ( , 1978 examined carrier detection rates using CK levels in 116 female relatives, and compared the results to the numbers of carriers expected from detailed pedigree analysis. He found that while carrier detection was 65% of that expected after the age of 20 (in accordance with other workers), it was 91 % under the age of 20. He therefore advocates estimating CK levels on female relatives when they are young. However, such analysis gives no information on whether those classified as carriers are correctly classified, but only that any false-positives are balanced by similar numbers of false-negatives.
Tf young girls are going to be tested and advice given, it is essential that their CK levels are compared with those of a similar population. The higher CK levels reported here among teenage girls raises the Bundey, Crawley, Edwards, and Westhead possibility that the higher detection rate in young girls may partly result from the inclusion of falsepositives. It cannot be known whether the CK levels of teenage carriers for Duchenne muscular dystrophy are raised to the same extent as those of normal teenagers, or whether to a much greater extent. However, it seems reasonable to assume that they will be raised and that the level of mean plus 2 SD is a satisfactory point at which to divide possible carriers into probable carriers or unlikely carriers. In a study of Duchenne muscular dystrophy (Bundey et al., 1978) , there were 52 possible carriers under the age of 20. On the basis of individual pedigree analysis, together with assessment of the CK values in their mothers, 17 to 18 of these girls were likely to be carriers. Of these, 16 had CK levels which were above the 2 SD range for their appropriate controls. If the levels in those 52 girls had been compared to those of an adult female population, 23 would have been classified as carriers, 7 of them presumably incorrectly.
The lowering of CK levels in early pregnancy may be analogous to the effect of the menarche, but is difficult to explain. Very few proteins are reduced in pregnancy. The lowering of CK levels in pregnancy in carriers was observed by Blyth and Hughes (1971) and King (1971), and King et al. (1972) subsequently described a lowering of CK levels in pregnant normal women. The present study not only shows a substantial reduction of CK levels in early pregnancy, but, on the findings in one woman, suggests that this reduction may have occurred by the time pregnancy is suspected. It will be difficult to obtain adequate numbers of pregnant obligate carriers to define their range of CK levels at all accurately.
These effects of puberty, pregnancy, and the menopause on CK levels in healthy women raise the possibility that other hormonal influences, such as menstruation and the contraceptive pill, may alter CK levels. However, previous workers have noted no effect of menstruation (Pearce et al., 1964; Wilson et al., 1965; Perry and Fraser, 1973) , though Sweetin and Thomson (1973) observed higher CK levels in the second half of the menstrual cycle. Similarly, previous workers have found no effect of the contraceptive pill on CK levels (Perry and Fraser, 1973; Simpson et al., 1974) . In the present study, an appreciable proportion of the nurses was likely to be using oral contraceptives, but we have no information on this.
The numbers of results in each group which exceeded two SD (Table 2) were greater than the proportion defined by a Gaussian distribution. In no group would it be possible to infer the upper centile distribution from the Gaussian approximation. 
